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Objective. We compared estimates of childhood influenza vaccination coverage by health status, age, and racial/ethnic group across eight consecutive influenza seasons (2004 through 2012) based on two survey systems to assess trends in childhood influenza vaccination coverage in the U.S.
Methods. We used National Health Interview Survey (NHIS) and National Immunization Survey-Flu (NIS-Flu) data to estimate receipt of at least one dose of influenza vaccination among children aged 6 months to 17 years based on parental report . We computed estimates using Kaplan-Meier survival analysis methods .
results. Based on the NHIS, overall influenza vaccination coverage with at least one dose of influenza vaccine among children increased from 16 .2% during the 2004-2005 influenza season to 47 .1% during the 2011-2012 influenza season . Children with health conditions that put them at high risk for complications from influenza had higher influenza vaccination coverage than children without these health conditions for all the seasons studied . In seven of the eight seasons studied, there were no significant differences in influenza vaccination coverage between non-Hispanic black and non-Hispanic white children . Influenza vaccination coverage estimates for children were slightly higher based on NIS-Flu data compared with NHIS data for the 2010-2011 and 2011-2012 influenza seasons (4 .1 and 4 .4 percentage points higher, respectively); both NIS-Flu and NHIS estimates had similar patterns of decreasing vaccination coverage with increasing age .
Conclusions. Although influenza vaccination coverage among children continued to increase, by the 2011-2012 influenza season, only slightly less than half of U.S. children were vaccinated against influenza. Much improvement is needed to ensure all children aged $6 months are vaccinated annually against influenza .
Recommendations to vaccinate children against influenza began in 1960, when people with certain health conditions that put them at increased risk of severe illness from influenza were recommended to receive annual influenza vaccination, implicitly including children with high-risk conditions. 1 The recommendations for influenza vaccination of children remained unchanged until 2002, when providers were encouraged to vaccinate all children aged 6-23 months, regardless of medical conditions, 2 and in 2004, when all children aged 6-23 months were explicitly recommended for vaccination. 3 In 2006, the influenza recommendations were expanded to include annual vaccination for all children aged 6-59 months. 4 Recommendations were further expanded in 2008 to include annual vaccination of all children aged 6 months to 18 years. 5 Since the 2010-2011 influenza season, annual influenza vaccination has been recommended for all people aged 6 months and older. 6 Children aged 6 months to 8 years should receive two doses of influenza vaccine, spaced four weeks apart, during their first season of vaccination and then one dose per season in subsequent seasons. 7 During inter-pandemic seasons through 2011-2012, trivalent influenza vaccine was available, providing protection against two influenza A subtypes and one type B strain. During the 2009-2010 influenza season, two influenza vaccines were recommended: the trivalent seasonal influenza vaccination and the pandemic influenza A(H1N1)pdm09 (pH1N1) monovalent vaccination. 8 The National Health Interview Survey (NHIS) and the National Immunization Survey-Flu (NIS-Flu) have been the primary surveys used to measure influenza vaccination coverage among children. NHIS, an inperson household survey, began collecting parental report of influenza vaccination in 2005. 9 NHIS has been considered the most representative source for estimates of influenza vaccination coverage among children aged 6 months to 17 years and has served as the Healthy People data source for influenza vaccination estimates. 10 NHIS, however, has not routinely allowed for state-level estimates and is not timely enough to enable the reporting of influenza estimates before the beginning of the next influenza season. NIS-Flu is an ongoing telephone survey of households with children aged 6 months to 17 years. National and state-level estimates of influenza vaccination coverage for children based on parental-reported vaccination status from NIS-Flu have been reported by fall of the subsequent influenza vaccination season. 11, 12 The aims of this study were to (1) examine estimates of childhood influenza vaccination coverage over time by age, race/ethnicity, and high-risk status; and (2) compare estimates from NHIS and NIS-Flu, the two main survey systems currently used to measure influenza vaccination coverage among children in the U.S.
METHODS

Data and inclusion criteria
We analyzed data from NHIS and NIS-Flu for this study. NHIS includes the civilian, non-institutionalized U.S. population with in-person interviews conducted throughout the year using a multistage area probability design. During part of 2009 and 2010, the questions were the same as noted except the word "seasonal" was inserted before the word "flu" in each question to distinguish it from the pH1N1 vaccine. Beginning in August 2010, the questions were changed to: "During the past 12 months, has [child] had a flu vaccination?;" "During what month and year did [child] receive [his/her] most recent flu vaccine?;" and "Was this a shot, or was it a vaccine sprayed in the nose?" 13 NIS-Flu is a national, list-assisted, random-digit-dial, landline and cellular telephone survey of households with children that is conducted each influenza season. It includes three components: the NIS-Child for children aged 19-35 months at the time of interview, the NIS-Teen for children aged 13-17 years, and a short post-NIS influenza module for children aged 6-18 months and 3-12 years identified during the screening of households for the NIS-Child and NIS-Teen. 14 The National 2009 H1N1 Flu Survey (NHFS) was also included in the analysis. In 2009, the NHFS was developed to rapidly estimate influenza vaccination coverage for both the 2009 H1N1 vaccine and the seasonal influenza vaccine for adults and children based upon parental report and was the precursor for the subsequent NIS-Flu. The main difference was that the post-NIS module in the NHFS included adults as well as
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Public Health Reports / September-October 2014 / Volume 129 children. [15] [16] [17] The response rates for the three seasons ranged from 34% to 74% for the landline sample and 20% to 36% for the cell phone sample. [17] [18] [19] For the 2009-2010 influenza season, influenza vaccination status was assessed on the NHFS by asking the parent the following questions: "Since August 2009, has [child] had a seasonal flu vaccination? There are two types of seasonal flu vaccinations. One is a shot and the other is a spray in the nose;" and "During what month did 
Analysis of influenza vaccination data
We obtained influenza vaccination coverage estimates using the same method for both surveys. We used the Kaplan-Meier survival analysis procedure to calculate the percentage of children vaccinated with at least one dose of influenza vaccine, where vaccination month was used to define the event variable and interview date was used to define the censoring variable. Influenza vaccinations received from August to May, inclusive, were included. When the child was reported to have been vaccinated but was missing the month of vaccination, the month was imputed from donor pools matched for week (month for NHIS) of interview, age group, state (region for NHIS) of residence, and race/ ethnicity. The percentages imputed for NIS-Flu were 4.7%, 7.5%, and 2.3% for the 2009-2010, 2010-2011, and 2011-2012 seasons, respectively, and for NHIS ranged from 3.6% to 10.8% for the 2004-2005 through 2011-2012 seasons.
For both NHIS and NIS-Flu, we report coverage limited to interviews conducted from September through June, with one exception. For NHIS data from the 2004-2005 season, we used interviews from January through June 2005 because influenza vaccination questions for children were not available prior to January 2005. We assessed influenza vaccination coverage overall and by child age group, high-risk status, and race/ ethnicity. The presence of high-risk conditions was determined only from NHIS; NIS-Flu does not include questions to determine high-risk health conditions. Based on ACIP recommendations and the questions available in NHIS, high-risk status was defined based on parental report of one or more of the following: ever being told by a physician that the child had cystic fibrosis, sickle cell anemia, diabetes, congenital heart disease, other heart conditions, cerebral palsy, muscular dystrophy, and seizures; or reporting an asthma episode or attack in the past 12 months (i.e., current asthma).
For both surveys, data were weighted to represent the population of children in the U.S., for households without telephones, and for nonresponse bias. 20 We conducted all analyses using SAS ® and SUDAAN ® , 21, 22 and we reported estimates with 95% confidence intervals (CIs). Tests for linear trend were performed using a weighted linear regression on the season-specific estimates, using season number as the independent variable and weights as the inverse of the estimated variance of the estimated vaccination coverage. We did not conduct the trend test for NIS-Flu data because only three seasons of data were available. We conducted pair-wise comparisons of estimates using t-tests assuming large degrees of freedom and, thus, used the value of 1.96 for the critical value. All tests were two-tailed with the significance level set at ,0.05.
RESULTS
Trends in influenza vaccination coverage overall, NHIS
Based on NHIS, influenza vaccination coverage with at least one dose among children aged 6 months-17 years increased overall from the 2004-2005 influenza season to the 2011-2012 season (trend test p,0.001). The average annual increase was 4.9 percentage points based upon the slope of the trend test. The estimates and annual changes from the previous season are shown in the Table.
Trends in influenza vaccination coverage by high-risk status, NHIS
Based on NHIS, coverage with at least one dose of influenza vaccine among children with health conditions that put them at increased risk for influenzarelated complications increased from 2004-2005 to 2011-2012 (trend test p,0.001). Coverage for children without these health conditions also increased (trend test p,0.001) (Table) Children with health conditions had higher influenza vaccination coverage than children without these health conditions for all the seasons studied (all p,0.05) (Figure 1 ). The differences in coverage between high-risk and non-high-risk children ranged from a 6.9 percentage point difference in the 2011-2012 season to an 18 (Table) . The differences between adjoining seasons are shown in the Table. Children aged 6-23 months had higher influenza coverage compared with the older age groups during the influenza seasons studied, except for the 2009-2010 and 2011-2012 seasons, in which coverage was not significantly different from coverage in children aged 2-4 years (all p,0.05 except for the 2009-2010 and 2011-2012 seasons). Children aged 2-4 years had higher coverage than older children for all influenza seasons; likewise, children aged 5-12 years had higher coverage than children aged 13-17 years for all influenza seasons studied (Table, Figure 2 ).
Trends in influenza vaccination coverage by race/ethnicity, NHIS
Within all four racial/ethnic groups studied using NHIS data, influenza vaccination coverage increased from the 2004-2005 influenza season to the 2011-2012 season (trend test p,0.001 each). The change in vaccination coverage from one season to the next within each group is indicated in the Table. As shown in Figure 3 Public Health Reports / September-October 2014 / Volume 129 black and Hispanic children did not differ significantly during any season. Non-Hispanic children of other or multiple races had higher influenza vaccination coverage than non-Hispanic white children during all influenza seasons studied. Non-Hispanic children of other or multiple races also had higher coverage than non-Hispanic black and/or Hispanic children in most influenza seasons.
NHIS vs. NIS-Flu
NHIS and NIS-Flu estimates were compared overall, within age groups, and within each racial/ethnic group. Of the 27 comparisons (Figure 4) , 10 had significant differences between estimates from the two surveys. Of these 10 differences, nine showed that the estimates from NIS-Flu were higher than those from NHIS (percentage point differences ranged from 3.5 to 9.3). The remaining difference was in the 2009-2010 influenza season among non-Hispanic black children, with a higher estimate from NHIS compared with NIS-Flu. The remaining 17 comparisons were not statistically different.
Similar to NHIS, NIS-Flu estimates by age group each season indicated decreasing vaccination rates with increasing age group (Figure 2) . Based on NIS-Flu data, non-Hispanic white children had higher coverage than non-Hispanic black children during the 2009-2010 influenza season, but there was no difference in the 2010-2011 season, and then non-Hispanic black children had higher coverage than non-Hispanic white children in the 2011-2012 season (Figure 3 ). Hispanic children had higher influenza vaccination coverage than non-Hispanic white children during the 2009-2010, 2010-2011, and 2011-2012 influenza seasons based on NIS-Flu data. Based on NIS-Flu estimates, Hispanic children had higher influenza vaccination All comparisons between the age groups within each season were statistically significant at p,0 .05, except for in 2009-2010 where with both NHIS and the NIS-Flu data, the 6-to 23-month age group did not differ from the 2-to 4-year age group, and in 2011-2012 with NHIS data, where the 6-to 23-month age group and the 2-to 4-year age group did not differ .
NHIS 5 National Health Interview Survey NIS-Flu 5 National Immunization Survey-Flu coverage than non-Hispanic black children in the 2009-2010, 2010-2011, and 2011-2012 seasons. Similar to NHIS, non-Hispanic children of other or multiple races had higher influenza vaccination coverage than non-Hispanic white children in all influenza seasons studied based on NIS-Flu (Figure 3 ).
DISCUSSION
Data from both NHIS and NIS-Flu demonstrate increasing influenza coverage among all children, including increases among those with and without high-risk conditions and among all age and racial/ethnic groups. This encouraging finding suggests that efforts to promote influenza vaccination among children are having a growing impact. However, estimated influenza vaccination coverage for the 2011-2012 season was well below the Healthy People 2020 target of 70% for children aged 6 months to 17 years overall. 10 It is encouraging to note, though, that more than 70% of children aged 6-23 months received at least one dose of influenza vaccine for the first time during the 2010-2011 season. Children with high-risk conditions have higher vaccination coverage than those without high-risk conditions, probably in part because providers might be more accustomed to vaccinating people with high-risk conditions due to the longer-standing recommendations and also because these children are more likely to seek health care during the period of influenza vaccination. The fact that younger children have higher coverage than older children might be related to recommendations for influenza vaccination initially targeting younger age groups, then expanding to older children; their higher risk of influenza-related complications relative to older children; more time for changes in provider practices; and more frequent visits to providers. 23 Influenza coverage was generally similar among non-Hispanic white and non-Hispanic black children based on NHIS and NIS-Flu. In most influenza seasons, there was no difference in vaccination coverage; in one season (2009-2010, NIS-Flu), non-Hispanic white children had higher vaccination coverage, and in two seasons (2007 -2008 NHIS and 2011 , non-Hispanic black children had higher vaccination coverage. Hispanic and other/multiple-race children had coverage as high as or higher than that of non-Hispanic white children. Increased access to vaccination through the Vaccines for Children (VFC) program might contribute to higher vaccination of these children. 24 Beginning with the 2003-2004 flu season, ACIP voted to include annual influenza vaccination for children 6-23 months of age in the VFC program (it was not covered during the 2002-2003 season). 25 Subsequently, as more child age groups were added to the influenza recommendation, the age groups were also added to the VFC resolution for influenza. The VFC program has been an important contributor to successfully achieving high coverage levels of routinely recommended vaccines for children by providing publicly purchased vaccines to providers for use in children who are (1) Medicaid-eligible, (2) uninsured, (3) American Indian or Alaska Native, or (4) covered by health insurance that does not cover the cost of vaccine, when the child is served at a Federally Qualified Health Center or Rural Health Center. 26 While no racial/ethnic disparities exist for influenza vaccination coverage among children, these disparities persist among adults. 27 Based on data from NHIS and NIS-Flu, overall trends in influenza vaccination coverage among children aged 6 months-17 years were similar. There were some differences by data source in estimated coverage from one influenza season to the next and in patterns of differences by race/ethnicity. Differences between NHIS and NIS-Flu estimates suggest that NIS-Flu estimates are likely slightly biased upward compared with NHIS estimates, because although two-thirds of the estimates were not statistically significant, of the onethird that were, the point differences ranged from 3.5 to 9.3 higher for NIS-Flu. Differences between NHIS and NIS-Flu that may contribute to systematic differences in estimates include survey mode (face-to-face vs. telephone survey), response rate (61% vs. 30%-74% landline/20%-36% cell phone), weighting methodology, or survey question wording. Random survey variation also contributes to differences. Both NIS-Flu and NHIS estimates are subject to error from misclassification of children's vaccination status reported by parents. 28 Because NHIS has a more complete sample frame (including households with no type of telephone service) and higher response rates, the estimates may be more representative. On the other hand, national estimates from NIS-Flu are more precise than from NHIS due to a larger sample size. The timeliness of NIS-Flu and the allowance of the production of routine state-level estimates make NIS-Flu useful for public health action, keeping in mind that the estimates have a slight upward bias.
While NHIS and NIS-Flu are the primary sources for monitoring influenza vaccination coverage among children, there are some other data sources that can provide additional information not available with NHIS and NIS-Flu. These sources include the Behavioral Risk Factor Surveillance System optional child influenza module; 29, 30 the National Flu Survey (NFS), previously named the Rapid Flu Survey; and Immunization Information Systems (IISs). The NFS included questions on knowledge and attitudes toward influenza disease and vaccination, as well as reasons for vaccination and non-vaccination. [31] [32] [33] IISs have been used to monitor provider report of influenza vaccination coverage among children and are particularly useful for local area estimates and for obtaining two-dose influenza coverage; however, not all states have equally functional IISs. 34
Limitations
The findings in this article are subject to at least three limitations. First, influenza vaccination estimates were based on parental report rather than medical records and may be subject to recall bias. Studies have shown that parental report overestimates influenza vaccination coverage compared with medical records. [35] [36] [37] Second, during the 2009-2010 season, respondents may have misclassified receipt of the seasonal vs. the H1N1 influenza vaccine. Third, receipt of two doses of influenza vaccine was not evaluated in this study; as such, results may differ when two-dose coverage is evaluated. 38 
CONCLUSION
Influenza vaccination coverage among children continues to increase. However, based on data through the 2011-2012 influenza season, only slightly less than half of children in the U.S. were vaccinated against influenza. Although vaccination levels have increased substantially since 2004, much improvement is needed to ensure that all children aged $6 months are vaccinated annually against influenza. Strategies that have been shown to improve influenza vaccination coverage include reminder/recall systems and standing orders. The Community Guide to Preventive Services provides information on effective strategies to increase the use of recommended vaccinations, including influenza vaccination. 39 
